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ABSTRACT

A search has been made for high mass narrow states decay-

ing into yy or v°x°

in 400 GeV/c p-Be interactions. No signi-
ficant peaks have been observed in either mass spectra between

2 and 5 GeV/c?. Me set an upper limit on Ne pro&uction at

3 GeV/c? of 6 .B(n_> vy) <0.9 x 107 cm?/nucleon. Cross
sections for yy and 71%%° Production are presented and a compari-

son with thelevel of diphotons expected from n° and n° decay

has been made.



A number of C=+1 states (e.g. Mes Mors xo) of charm-anticharm
quarks® have been predicted in the mass region 3 to 4 GeV/c?,
assaciated with the observed C=-1 states, ¢ (3.1) and 3 (32.7).

The hadronic decays of these states are expected to be suppressed
and consequently their mass widths are narrow, thereby enhaﬁcing
the radiative decay channels such as CC + yy. The DASP group has
reported? an enhancement at 2.8 GeV/c? in yy and pp final states

in ete” interactions, which they attripute to the nc[Z.a‘. Recen?t
e'e” colliding beam experiments at SPEAR have yielded? negative
results for this state. However a group at Serpukov has reported a
diphoton rescnance at a mass of 2.85 GeV/c in the reaction 7 p+yyn
at 40 GeV and more recently a possible candidate for e has bdeen
reported? at 2.97 GeV by the Crystal Ball at SPEAR.

We have studied the reSct1on

p + Be+X + anything

YY

and looked for narrow states in the yy system. The experiment was
performed using a halo-free proton beam® in the Proton West area
at Fermilab. The detector’**® consisted of two spectrometer arms,
sach of which contained 2 10 XG-m sweeping magnet, thick steel
coliimators, 3 layers of lucite hodoscopes, a lead converter, two
Tayers of scintillator hodoscopes and 25 lead giass Cerenkov counters.
for this experiment the arms, each of which accepts a solid angle
of 2 msterad, were set at a laboratory angle of 6.8° (120° in the
eentef-of-nass system) covertng a CM rapidity range of -0.65 to -0.45.
A trigger occurred when the total energies deposited in the Tead

glass arrays of both arms exceeded a threshold requirement and no
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charged particles were present in either arm.

Before and after each data taking period, the lead glass
elements were calibrated in place with a special electron beam
generated in the upstream proton transport®. The gain of each
lead glass counter was tracked between each electron beam cali-
bration with a hydrogen thyratron flasher system. The position and
energy of 3 photon candidate were determined by fitting the observed
fractional energy deposit in each lead glass element to the trans-
verse pattern measured in the electron calibrations'®. This
reconstruction method yields a position resolution of o~ 0.25" for
electromagnetic showers.

Typtcally, 50% of the events show a singie energy cluster, and
40% show two clusters in each lead glass array. For events with.
two clusters in an arm, an-invariant mass of the two-gamma system was
formed. Typical examples of the mass spectrum of two-cluster events
are shown for'tuo different energy ranges in Fig. 1. We see clear
*® peaks at a mass of 135 MeV/c? which verifies our method of energy
and pasition reconstruction. The solid Yines are our estimate of the
nan-x% backgrounds constructed from uncorrelated gammas in the data.

An invariant mass of the diphoton system was computed for events
with single gamma rays in both arms. The rate of accidental .coin-
cidences was calculated from observed single-arm v rates and corrected
by a spiil quality factor which took into account the effect of noﬁ-
uniform beam spill. The shape of the mass spectrum of accidental coin-
¢idences obtained by combfning single photen inclusive data from
each arm was slightly steeper than the true coincidence mass spectrus.
The level of accidentals fs approximately 20% of the two photon mass

distribution at the Tow mass end of the specturm, but is less than
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% of the data above 4 GeV/c?. Most of the high mass vy eveats
above 4.5 Gev/c? are due to high energy n°'s decaying into two
gammas which coalesce into a single energy cluster in the Tead

glass array. We have estimated the shape and absolute level of

o

this coalescing n° contribution from the observed yn° coincidence

° coalescing probability computed by a

o

rates multiplied by the =
Monte Carlo method. This coalescing n° background is less than

SI of the yy data below 3 GeV/c®*. Fig. 2 shows the mass spectrum
after subtraction of accidental 7° events. The aéceptance for the vy
system, the effect of dead time, trigger inefficiencies, and vetoing
by charged particles have taken fnto account. There is no obvious
indication of any narrow mass state. We have determined an upper
1imit of the cross section times branching ratio for a two-photon decay
of such a state based on our expected mass resoluiion {4 m/m0.06FWKEM) .
The saolid line in Fig. 2 sﬁows the approximate upper limit of
| B'(:—:’)y--
dependence, we obtain B-(ds/dy)y,_o.5<o.9 x_lO"zcm*/nucIeon at the

0.5 at the 90% confidence level. Assuming a linear A

vy mass of 3.0 GeV/c*. It is interesting to compare this upper
1imit with the observed ¢ production in pBe interactions,

g ‘ - gg—
B{v=u i) (37) yug
prediction of the branching ratioc B(nc +yy) = 1.4 x 10~ along with

~ 0.7 x 107 ¢m?/nucleon?!. Using a theoretical

an assuymed (1-x)* dependence of n_. production'’, we obtain

<
aT(pBe¢nc¢anyth1ng) < 9 ub/nucleon for total praoduction cross section
of nc(3.0).

We have finvestigated possible sources of the observed yy mass
spectrum. In order to dothis we have measured the high mass »°n”

spectrum. A x° mass cut of 135:65 MeV/c? has been applied for two-



cluster events in both spectrometer arms. The accidental sub-
traction procedure was the same as that used for the correction of the

vy spectrum. False 7°2° combinations due to non-t° components

=

under the 7~ mass peak (see Fig. 1) were subtracted using coin-

cidence data with the two photon mass outside the n° mass cut.
Fig. 3 shows the 7°n° cross sections corrected for acceptance,
trigger inefficiency, and dead time. We also show §n Fig. 3 the
r+n' mass spectra observed at y = 0 in other experiments done at
Fermilab'? .

=]

A Monte Carlo calculation based on the observed 2°m spectrum

has been made to investigate origins of the observed yvy ﬁass
spectrum. We also estimated a possible contribution from 7%n and
nn final states asseming o{nn)=ko(nn®)=%a{7%°) as suggested by
our measurement of inc1usivelgfn° production®. As shown by the
dash-dotted lines in Fig. 2, the yy spectrum can be explained by
decays of 7%n°(+r%n+nn) states in which only one photon from .
either #%(n) 1s accepted by the spectrometer arms.

In conclusion, we have observed no indication of narrow states
in yy(and 7°2°) final states in the mass range from 2 to 5 GeV/c?.
The upper limtt B(nc - yy)%% <0.9 x 1072 cm?/nucleon was obtained

for the production of n_ at the n_ mass of 3.0 GeV/c?. The observed

(4 ¢
vy continuum can be explained as having its source in the two photon

decays of correlated =-°»°

, nm°, and nn final states.
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FIGURE CAPTIONS

Two photon mass spectrum of two cluster eavents in an
arm, (a) E = 8.5 Gev (b} EYY = 15-17 GeV. The solid
1ines are the estimates of non-n° backgrouynd caused by
uncorrelated gamma rays.

Differenttal cross sections of yy final states at 400
GeV/c. The solid line is the upper limit of narrow

resonance in production units of B-do/dy cm?/{8e-nucleus).

Curve () indicates the coalescing «° contribution to yy based

on =%y data. Curve{b)ts the Monte Carlo estimate of the
Yr contribution based on observed »°x° final state. Curve
fc)denotes the yy contribution from *°n and nn as well

as 7°7° final states.

Differential cross section at 400 GeV/c for #%7° final
states at y =-0.55, and n'n" final states at y = 0. The
dotted lfne is 1/2(1 - [x])® times tke "% cross s;ctions

from the sxperiments of reference 12.
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